
Figure 1.  Clementine color ratio image of study
area superimposed 750 nm image showing the

Data Analysis: Data from Clementine, Lunar Pros-
pector missions, and Lunar Orbiter images, as well as 
USGS maps of the region, were integrated by coregis-
tration to investigate correlations. The Clementine UV-
VIS data were used to create spectral and compositional 
maps.  

Maps of FeO and TiO2 concentrations derived from 
Clementine spectral reflectance data [9,10] and color-
ratio images were then compared and integrated with Th 
concentrations from LPGRS [7] at half degree resolu-
tion. On the basis of spectral and compositional proper-
ties of specific geologic units, the area was subdivided 
into seventeen different regions of interest (ROIs), some 
corresponding to flow units, and some to mare-
bounding highland units. To examine the cause of large 

north-western Procellarum region in a sinusoidal
projection.  

ranges in composition within an ROI, compositional 
information was imported into an n-dimensional visual-
izer, and subROIs were selected from natural clusters of 
data or 
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Introduction: Mare basalt flows in the Western Procel-
larum region (WPR) are extensive and include some of 
the youngest geologic features on the Moon. Composi-
tional remote sensing by the Lunar Prospector gamma-
ray spectrometer (LPGRS) indicates elevated Th con-
centrations in many of these flows relative to basalts 
sampled by the Apollo and Luna missions [1,2,3,4]. The 
primary goals of this investigation are to determine 
whether the Th enrichment in this region contributed to 
the extensive and prolonged volcanism in the WPR, and 
to determine whether the Th is inherent to the basalts 
themselves or a result of contamination from nonvol-
canic material. Thorium enrichment indigenous to the 
basalts of the Western Procellarum Region would pro-
vide evidence that the general concentration of Th in the 
Procellarum region extends below the crust and possibly 
as deep as the sources for the basalts themselves. 

The study area for this project spans from 30°N to 

end members that appeared in the viewer. Sub-
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45°N and approximately 40°W to 80°W (Fig. 1). Indi-
vidual basalt flows are identified by spectral and chemi-
cal differences using Clementine ultraviolet-visible 
(UVVIS) data [5] and LPGRS data [6,7]. Resulting 
compositional maps are compared to existing geological 
maps [e.g., 8], compositional variations are correlated to 
geologic units, and previously undetected flows are 
identified. By examining compositional variations be-
tween Fe, Ti and Th within and among individual flows 
and surrounding nonmare geologic formations, we seek 
to determine (1) sources of Th enrichment, (2) effects of 
lateral and vertical mixing by impact processes on Th, 
Ti, and Fe concentrations, (3) whether Th enrichment is 
inherent to the mare basalts or a result of contamination 
from the ejecta of large craters such as Mairan, and (4) 
compositional variations that might correlate with age.   

Is can be distinguished on the basis of compositional 
and mineralogical differences, e.g. craters and crater 
rays. By transferring the selected pixels from n-
dimensional space back to image-space, the validity of 
the subROI could be assessed. The two criteria substan-
tiating the geologic significance of a subROI were (1) 
are the pixels spatially contiguous; and 2) do these pix-
els correspond to morphologic features (e.g., premare 

Discussion: We divided the study region into seven-
teen individual regions of interest (Fig 1. and Table 1). 
The southern ROIs of this study area (e.g., Wollaston 
South, Dorsa Whiston, and Lichtenberg) correspond to 
ROIs along the northern boundary of a region that was 
studied in detail by us previously [1] (e.g., Herodotus, 
Schiaparelli, and Briggs, respectively).  

sitional map is compared to Lunar Orbiter images. 
 found that the subROIs resolved in this analys
et both criteria, thus validating the separation of t
I into its com
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indigenous to the basalt. 
Average FeO and Th concentrations for these three 
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Table 1. Average compositions for ROIs. 
Numbers correspond to ROIs in Figure 1. 
Along the eastern edge of the mare, the Mairan ROI 
cludes mainly non-volcanic material (14% FeO) and 
s the highest Th concentrations in the region (Av. 9.2 
m). The Gerard South ROI lies along the western 
ge of the region and also includes mainly non-
lcanic material (14%

 Sinus Roris S. 18.1 1.3 3.4 

 FeO). It has a moderate Th con-
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orsa Whiston has the highest average FeO (19.6 wt%) 
d TiO2 concentrations (5.9 wt%) in the region. The 
gh FeO concentration suggests minimal contamination 
 nonmare material, consistent with its relatively 
ung age. Its Th concentration of 4.2 ppm is probably 
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1839; [6] Binder (1998) Science 281, 1475-1476; [7] Law-
rence et al. (2000) JGR 105, 20,307-20,331; [8] Scott and 
Eggleton (1973) I-805, USGS; [9] Gillis et al. (2003) JGR, 
in press; [10] Gillis et al. (2003) GCA, submitted; 
[11] Schultz and Spudis (1983) Nature 302, 233-236.  

ration of ~5 ppm. 
Dorsa Whiston, an extension of the Schiaparelli 

I (Region 1, to the south [1]), is considered to be one 
 the youngest basalt flows on the Moon because part 
 the flow covers crater rays from Lichtenberg, which 
probably no more than 1-1.2 billion years old [11]. 

ROIs, Mairan, Gerard South, and Dorsa Whiston, define 
three potential mixing endmembers (Fig. 2). From the 
Mairan Highlands westw

ses toward the composition of Dorsa Whiston. From 
Gerard South eastward, average ROI compositions also 
lie along a line toward Dorsa Whiston. These mixing 
trends intersect at high FeO, suggesting a specific aver-
age composition for young basalts in this region: ~4 
ppm Th and 20 wt% FeO. Concentrations of Th higher 
than ~4 ppm are reasonably interpreted as a result of 
mixing between basalt and Th-rich nonmare rocks.   

The Wollaston South ROI lies above the Mairan-
Dorsa Whiston mixing line. This ROI lies just north of 
the Aristarchus region, which has Th concentrations 
reaching 11 ppm. ROIs that include the basalt flo

cent to these regions are also enriched as a result of 
contamination from Th-rich nonmare material in the 
form of ejecta from the craters Mairan and Aristarchus. 

Compositions in the Dorsa Whiston ROI form the 
basaltic endmember in this geologic model and closely 
match compositions in the Schiaparelli region to the 
south. Concentrations of Th in the western Procellarum

lts are high relative to most Apollo basalts and sup-
port the idea that indigenous Th content is related to 
extended volcanism in the Procellarum region.  
References: [1] Flor et al. (2002) LPSC 33, Abst #1909; 
[2] Gillis et al. (2002) LPSC 33, Abst #1934; [3] Jolliff et al. 
(2001) LPSC 32, Abst #2144; [4] Korotev (1998) JGR 103 
(E1), 1691-1701; [5] Nozette et al. (1994) Science 2

Region of Interest 
Av. FeO 

Wt% 
Av. TiO2 

Wt% 
Av. Th 
(ppm) 

1 Mairan 13.9 1.2 9.2 
2 Gerard South 14.0 1.9 4.9 
3 Gerard 16.4 3.0 4.5 
4 Rima Mairan 18.1 2.1 5.5 
5 Dorsa Whiston 19.6 5.9 4.2 
6 Rima Sharp 18.5 5.1 5.6 
7 Lichtenberg 18.6 3.3 4.3 
8

3.6 
17

 Lavoisier A 18.1 2.9 4.5 
9 Wollaston 18.7 4.2 4.5 

10 Wollaston South 18.6 2.7 6.3 
11 Naumann 19.1 3.2 3.7 
12 Harding 18.3 2.8 4.3 
13 Sienna 18.7 2.4 3.8 
14 Wollaston North 18.4 3.4 4.2 
15 Humason 19.3 4.2 4.5 
16 Mons Rümker 18.3 2.8 
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Figure 2. FeO vs. Th and inferred
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